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Abstract
Introduction Bioabsorbable screws are, at the expense of
metal screws, increasingly used as ﬁxation device in ACL-
reconstructions. The possible advantages with bioabsorb-
able screws are better postoperative MRI evaluations and
easier revision surgery.
Purpose The aim of this study was to compare the clin-
ical outcome after ACL-reconstructions with BPTB-grafts
ﬁxed with metal interference screws or bioabsorbable
screws 7 years postoperatively. The resorption of the bio-
absorbable screws was also analyzed.
Methods Between 2000 and 2001, 41 patients with ACL
deﬁcient knees were randomized for the use of BPTB-graft
ﬁxed with either metal interference screws or bioabsorb-
able poly-L-lactic acid screws. This is a 7-year follow-up
with clinical examinations of both groups and, MRI of the
patients with bioabsorbable screws.
Results The clinical and functional results were satisfac-
tory in both groups. There were no signiﬁcant differences
between the groups in any parameter measured, except for
better Pivot shift results in the bioscrew group (P = 0.04).
The MRI evaluation showed degradation of the bioscrews.
A residual screw tract which appeared threaded was seen in
the tibia in 11 of the 16 patients. There was no sign of bony
ingrowth in the previous screw site in the tibia in any of the
patients.
Conclusion The potential advantages of using PLLA-
screws compared to metal screws are not sufﬁcient
to warrant the routine use of PLLA-screws in ACL-
reconstructions.
Level of evidence I.
Keywords Anterior cruciate ligament (ACL)
reconstructions  Bone-patellar tendon-graft 
Bioabsorbable interference screw  Poly-L-lactic acid
(PLLA)  Magnetic resonance imaging (MRI)  Resorption
Introduction
Rupture of the anterior cruciate ligament (ACL) is a
common knee injury, and subsequently functional insta-
bility is often noted [1, 2, 4, 17, 29]. ACL-reconstruction
with bone-patellar-tendon-bone (BPTB) autograft used to
be the method of choice. This graft is found to give good
long-term clinical results [13, 15, 37]. Metallic interference
screws have been the standard graft ﬁxation method in
ACL-reconstructions with BPTB-grafts. These screws give
a solid ﬁxation and are well tolerated by the body [11, 19].
However, there are some potential disadvantages. The
presence of metallic interference screws can complicate
revision surgery and may require a second operation for
removal. MRI may also be more difﬁcult to interpret [27,
28]. For these reasons, bioabsorbable interference screws
have been developed.
Bioabsorbable cannulated interference screws were
introduced for arthroscopic ACL-reconstruction in the
early 1990s [6, 7]. Polylactic acid is widely used as the
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absorbable screws are available, e.g. polyglycolic acid
(PGA), polylactic acid (PLA), poly-L-lactic acid (PLLA),
poly-D-lactic acid (PDLLA), and polyparadioxanone
(PDS).
If the bioabsorbable screw is to be an alternative to
metal screws, it has to show adequate ﬁxation and remain
secure for at least 6–8 weeks until the bone block has been
incorporated and biological ﬁxation is achieved [6, 26, 28].
With regard to revision surgery, it is also important that the
screw eventually will degrade, and that new bone forma-
tion will take place at the site of the implant. Studies have
revealed that PLA screw resorption can take several years
[3, 7, 8, 34, 44].
Several studies comparing metal screws and bioab-
sorbable interference screw have been performed. They
support the conclusion that bioabsorbable screws are a
reasonable alternative to metal interference screws [9, 16,
18, 19, 25, 31, 35, 38]. Bioabsorbable screws are also found
to provide as good ﬁxation as metal screws [18, 21].
The aim of this study was to evaluate the clinical
outcome 7 years following ACL-reconstruction with
bone-patellar-tendon-bone (BPTB) grafts in patients with
bioabsorbable PLLA interference screws and metal inter-
ference screws. The postoperative resorption and the bony
integration of the bioabsorbable screws evaluated by MRI
were analyzed. The hypotheses were that there is no dif-
ference in the clinical outcome between the groups and that
the bioabsorbable interference screws are fully resorbed.
Materials and methods
This study is a follow-up of patients included and ran-
domized between 2000 and 2001 [14]. A total of 41
patients were included in the study, 22 women and 19 men.
The included patients had isolated ACL ruptures or ACL-
ruptures with additional minor meniscal lesions and/or
minor cartilage lesions (Outerbridge grade I and II). After
a diagnostic arthroscopy, the patients were randomized
according to the envelope method for the use of either
metal interference screws (Linvatec
, Largo, FL, USA) or
the BioScrews (Linvatec
, Largo, FL, USA). All ACLs
were reconstructed with a BPTB graft. A total of 21
patients were randomized to reconstruction with bioab-
sorbable screws and 20 patients to metal screws. There
were no statistically signiﬁcant differences between the
two groups in any measured parameter preoperatively [14].
The mean follow-up time was 7.5 years (6.6–8.3). Of
the 41 patients, 34 (83%) were examined (17 in metal
screw group (M), 17 in BioScrew group (B)). One patient
did not want to participate (B), one patient did not want to
travel (M), and three of the patients were impossible to get
in touch with (one in B, two in M). Two patients in the
BioScrew group were excluded because of graft failure and
revision ACL-surgery during the follow-up period. Three
patients were partially excluded from clinical comparisons
due to a rupture of the contralateral ACL during follow-up
(two in B, one in M). These patients were only included in
the evaluation of the subjective function, clinical assess-
ment of swelling and Lysholm score. The 31 remaining
patients (16 in M, 15 in B) underwent all the clinical
evaluations. A total of 16 of the 17 patients in the Bio-
Screw group available for the 7 year follow-up had an MRI
examination performed. One patient was excluded because
of pregnancy. The MRI was obtained at an average of
7.8 years (7.3–8.3) after surgery.
The follow-up examination included Lysholm function
score, Tegner activity score, Knee injury and Osteoarthritis
Outcome Score (KOOS), Lachman test, Pivot-shift test,
KT-1000 arthrometer examination and a clinical assess-
ment of swelling. The patients also graded their subjective
knee function as excellent, good, fair or poor.
The MRI examinations were performed on a Siemens
Symphony 1.5-T MRI scanner. A dedicated knee coil was
used to obtain the following image sequences: sagittal
turbo spin echo (TSE), 4000/16 and coronal fat saturated
TSE 2600/14–16; 4-mm slice thickness, and image matrix,
256 9 384. Two oblique coronal TSE 2840/14 imaging
sequences with slice thickness 3 mm and image matrix
256 9 384 were added in all patients. The number of
excitations was 2 for the fat saturated sequence and 1 for
the others. The ﬁeld of view was 15. The echo train length
was 7 for all sequences. The oblique sequences were ori-
ented along the biological screws. All the MRI examina-
tions were analyzed by the same radiologist as in the 2 year
follow-up [12].
The integration of the bone block was considered good if
no border between the bone block and the bone was visible
on MRI. Osteolysis aroundthe screws was deﬁned as visible
ﬂuid around the screws. Widening of the tibial tunnel was
estimated at a distance of 2 cm from the joint line.
The measurement of the screw volume preoperatively
(V1)was calculated fromthe formula V1 = pr
2 9 h,where
r = radius of the screw and h = length of the screw [12].
Measurements of volume of possible remnants of screws
wascalculatedfromtheformulaV = p(1/2(r1 ? r2))
2 9 h,
where r1 = largest radius and r2 = smallest radius.
All the surgeries were carried out at the Orthopaedic
Department at St. Olav’s Hospital in Trondheim by four
experienced knee surgeons as described earlier. The recon-
structions were done using an endoscopic technique [14].
The femoral tunnels were located at 11 o’clock in the right
knee and at 1 o’clock in the left knee [14]. The femoral bone
block was ﬁxed from the inside with a cannulated PLLA or
metal interference screw of 7 9 25 mm. The bone block in
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123the tibial tunnel was ﬁxed with an interference screw of 8 or
9 9 25 mm with the knee in extension [14].
The rehabilitation program was the same in both groups
and supervised by the same two physiotherapists [14].
Statistic analysis
The power analysis was primarily performed for the KT-
1000 measurements. A comparison of the differences
between the groups was made with the Student’s t test for
continuous variables and with the chi-square test and
Fisher exact test for categorical variables. In all tests, an
alpha level of 0.05 was considered signiﬁcant.
Results
There was no statistically signiﬁcant difference between
the two groups in any of the ﬁve subscales in the KOOS
score (Fig. 1), in subjective assessments of knee function
(Table 1), or in reported pain during the clinical exami-
nation. The median Tegner activity score had decreased in
both groups during the follow-up time from 2 to 7 years
(P\0.05), and there was no signiﬁcant difference between
the two groups at review (n.s.) (Fig. 2).
The mean Lysholm score was 90 (±9) for the metal
screw group and 89 (±10) in the BioScrew group at review
(n.s.). The mean Lysholm score in both groups combined
was 95 (±5) at 2 years [14] and 89 (±9) at 7 years
(P\0.05). The 7 year follow-up score, however, was
higher than the mean preoperative score at 68 (±14)
(P\0.05). Figure 3 shows the mean Lysholm score in the
two groups from preoperatively to 7 years postoperatively.
Fig. 1 Mean KOOS scores in the two groups 7 years postoperatively
Table 1 Subjective knee function as evaluated by the patients
7 years postoperatively
Subjective knee function Metal screw Bioscrew P
Excellent 7 5
Good 9 10
Fair 1 2
Poor 0 0
n.s.
Fig. 2 Median Tegner activity score in the two groups [14]
Fig. 3 Mean Lysholm functional score and SD in the two groups [14]
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7 years examination. Table 2 shows the Pivot shift test,
Lachman test and KT-1000 measurements. The Pivot-shift
test showed less laxity in the bioabsorbable group than the
metalgroup(P = 0.04).Twopatientshadapivotglideinthe
metal group and none in the BioScrew group. On the KT-
1000 measurements six patients in the BioScrew group had
3–5 mm increased laxity compared to 1 in the metal screw
group (P\0.05). By regrouping these results as stable
(\3 mm) versus non-stable (C3 mm), there was no statisti-
cally signiﬁcant difference between the groups. Three
patients in the metal group had a KT-1000 (maximum
manual force)over5 mm (8 mm, 6 mm, 6 mm) and none in
the BioScrew group (n.s.). The mean KT-1000 values were
1.8forthemetalgroupand1.7fortheBioScrewgroup(n.s.).
The corresponding values preoperatively were 4.3 mm and
5.5 mm.Onepatientinthemetalscrewgroupandnoneinthe
BioScrew group had a Lachman test grade 2 (n.s.). None of
the patients in either group had an intra articular or localised
swelling of the knee at the 7 year follow-up examination.
MRI
The mean volume of the screws preoperatively was
1,088 mm
2 (962–1,256) for the femur screws and
1,269 mm
2forthe tibia screws [12]. Atthe 7 year follow-up
we could not detect intact screws in the tibia or the femur in
any of the 16 patients.
A residual screw tract which appeared threaded was
seen in the tibia in 11 of the 16 patients. These tracts were
surrounded by a hypointense rim and were ﬁlled with
amorphous soft tissue-like material (Fig. 4a). The thickness
of the threaded rim varied in these patients. The mean
volume of this delineated ‘‘screw-ghost’’ was 406 mm
2
(191–678). In ﬁve of the patients, the residual screw tract
was not clearly threaded and the surrounding rim was more
indistinct (Fig. 4b). There was no sign of a signiﬁcant bony
ingrowth in the screw sites in the tibia in any of the
patients.
Table 2 Assessment of laxity in the two groups
Grade Metal screw Bioscrew P
Pivot shift test
09 1 4
15 1
22 0
0.04
Lachman test
08 6
17 9
21 0
n.s.
KT-1000 arthrometer (max. man. force)
\3m m 1 2 9
3–5 mm 1 6
[5m m 3 0
0.02
KT-1000 arthrometer (max. man. force) regrouped
\3m m 1 2 9
C3m m 4 6
n.s.
KT-1000 arthrometer (max. man. force)
Mean 1.8 1.7
SD 2.9 2.4
n.s.
Fig. 4 Comparison of threaded tibial residual tract (a) and a not
threaded, more indistinct tibial residual tract (b). Both images show
reabsorbed screw
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123In the femur the residual screw tracts appeared different
from the tibial tracts. The tract did not appear threaded in
any of the patients, and the surrounding hypointense rim
was in general thinner and less distinct than the rim in the
tibia. These residual tracts were also ﬁlled with a material
consistent with soft tissue, and there were no signs of
signiﬁcant bony replacement in the screw sites (Fig. 5).
The MRI did not reveal tibial tunnel widening in any of
the 16 patients, and the integration of the bone block in
both the femur and the tibia was considered good in all
patients. There was no change in bone plug position, vis-
ible osteolysis, inﬂammatory bone marrow edema or other
complications in any of the patients.
Discussion
The most important ﬁnding of the present study was that
the BioScrews had degraded 7 years after surgery; how-
ever, the screws were not replaced by bone. The screws
used in our study were made of 100% poly-L-lactic acid, a
widely used material for ﬁxations [20]. Studies have
revealed that screw resorption can take several years [3, 34,
44].
Reports show faster degradation of other bioabsorbable
ﬁxation materials. Lajtai et al. [22] showed that bioab-
sorbable copolymer (85/15 D, L lactide/glycolide) screws
remain intact for 4 months and disappear in 6 months.
Barber et al. [5] also showed that the ‘‘D’’ isomer in a poly-
D-L-lactic interference ﬁxation screw speeds the degrada-
tions process compared to the PLLA.
MRI of the patients in the present study at 2 years
showed a mean reduction in screw volume of 63% for the
tibia screws and 64% for the femur screws [12]. At the
7 year follow-up, MRI showed no remaining bioabsorb-
able interference screws. Barber et al. [5] also found no
screws apparent on computer tomography (CT) 7 years
postoperatively.
Bony replacement of the absorbed screws would make
revision surgery easier. Subtle lamellar bony elements are
most often difﬁcult to detect with MRI, and can occur even
if it is not recognized with the MRI imaging sequences
chosen in our study. CT is more sensitive in this respect
and for delineating the sclerotic rim [42]. The ﬁndings in
the present study, however, are in accordance with other
studies showing that bony replacement of the screw does
not always occur in humans [7, 12, 42, 43]. This is a
concern for revision surgery.
In the present study, a hypointense rim lining most of
the screw site was found. This is compatible with sclerotic
bone, conﬁrmed by the radiographic and CT ﬁndings of
Barber et al. [7]. A sclerotic cortical lining makes later
bony replacement unlikely [42]. Theoretical studies and
animal experiments indicate better bony integration when
adding osteoconductive substances. Composite interfer-
ence screws have recently been introduced to enhance bony
integration, and studies show signiﬁcantly better results
compared to pure PLLA-screws [6, 23].
At the 7 years follow-up, we found a residual screw tract
on MRI next to the bone plug. The tract in tibia differed
from the corresponding tract in femur. The tibial tract
looked threaded in most of the patients, lined with the rim
of sclerotic bone and ﬁlled with an amorphous soft tissue
material. This is consistent with the study presented by
Barber et al. [7]. The tibial tract resembled a screw surface,
like a ‘‘screw-ghost’’, but the appearance was more indis-
tinct than of an intact screw and the threads differed in size
and thickness. This difference in size and thickness may be
due to imaging shift artifacts. The mean volume of these
‘‘screw-ghost’’ was estimated to 406 mm
2 which was lar-
ger than the estimated mean volume of the tibial screws at
2 years postoperatively (403 mm
2)[ 12]. In six of the
patients the volume was signiﬁcantly larger. Such threaded
tracts were not found in the femur where the tracts
appeared more diffuse and indistinct with a thinner rim.
The difference between the tract appearance in tibia and
femur was obvious in almost all the patients. Possible
explanations for this could be that the femur screw is
positioned closer to the joint line and closer to cortical
bone than the tibia screw. This may have consequence for
the supply of water, blood and enzymes which are theo-
rized to effect hydrolysis [41].
In studies on bioabsorbable interference screws the
presence of screw threads is often used to determine if the
Fig. 5 An example of a not threaded residual screw tract in femur
ﬁlled with material consistent with soft tissue. It is lined with a thin
rim interpreted as sclerotic bone
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123screw has degraded [39]. Morgan et al., however, found
that a PLLA interference screw revealed clearly delineated
on MRI after 30 months in vivo actually was undergoing
degradation. The explants were seen to be composed of
screw remnants, ﬁbrous connective tissue, cortical-like
bone and cancellous bone [30]. Similarly, Park and Tibone
[32] presented a case study with a late inﬂammatory
reaction 4 years after ACL surgery. MRI clearly showed
the persistence of a tibial PLA interference screw, but
under the irrigation and debridement they could not ﬁnd
any screw or PLA remnants, and the screw observed on
preoperative MRI was interpreted as a false screw—a
revealed persistent screw that is actually not there.
In our study the so-called screw-ghost could in some
patients be misinterpreted as persistent screws which could
have a consequence when planning revision surgery after
primary ACL-reconstruction.
Drogset et al. [12] observed osteolysis around the
screw in three patients (16%) in the femur and none in
the tibia at the 2 year follow-up. The bone block inte-
gration was considered good in 17 patients and fair in 10
patients. At the 7 years follow-up, no osteolysis in any
of the 16 patients was detected, and integration of all the
bone blocks was considered good. Studies show that the
rate of osteolytic changes after ACL surgery with PLLA
bioabsorbable screws is low, and that the incorporation
of bone blocks is considered satisfactory compared to
metal screws [8, 9, 19, 27]. Studies on other bioab-
sorbable ﬁxation materials also show promising results
regarding osteolysis and osseous incorporation of bone
blocks [10, 23, 25, 33].
Tunnel enlargement may be a potential problem after
primary ACL-reconstructions and revision surgery [39,
45]. In the present study, no tunnel widening was found.
The reason for inconclusive ﬁndings in the literature
regarding tunnel widening is unknown. BPTB-grafts result
in less tunnel widening than hamstring grafts [36]. Simi-
larly, Barber et al. [8] did not ﬁnd any difference in tunnel
widening between PLLA-screws and metal interference
screws.
The majority of reports on bioabsorbable- and metal
screws have shown comparable results in terms of stability,
functional and clinical outcome [7, 9, 16, 18, 19, 24, 25, 35,
40]. The present study did not show any statistically sig-
niﬁcant differences between the groups concerning sub-
jective knee function, KOOS score, Lysholm score, Tegner
score, Lachman test or assessment of swelling.
In the authors’ opinion, however, the potential advan-
tages of using PLLA-screws compared to metal screws are
not sufﬁcient to warrant the routine use of PLLA-screws in
ACL-reconstructions.
The limitation of this study is the relatively small
number of patients in each group.
Conclusion
The clinical and functional results are satisfactory with no
majordifferencebetweenthegroups.MRIat7 yearsshowed
that the bioabsorbable screws were absorbed; however, they
were not replaced by bone. This is a concern for revision
surgery.
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